The effect of phospholipid, 1,2-Dipalmitoyl-sn-glycero-3-Phosphocholine (DPPC) on the spectroscopy of the cyanine dye, 1-ethyl-1'-octadecyl-2,2'-cyanine iodide (PIC-18), has been investigated using UV-Vis spectroscopy. Vesicles of DPPC containing PIC-18 in the molar ratio of 1:3 (dye/phospholipids) were prepared in aqueous solution. J-aggregates of PIC-18 were detected in the bilayer wall of the vesicles. When an aqueous solution of mixed PIC-18/DPPC vesicles is treated with excess DPPC vesicles that are prepared separately, the dye molecules in the mixed vesicles underwent a rapid (aggregate) n n(monomer) equilibrium as the appearance of only one isosbestic point in the absorbance of the dye indicates. The equilibrium constant was calculated at room temperature (K eq = 6.7x10 -2
INTRODUCTION
Cyanine dyes have long held the interest of the scientific community due to their unique optical properties. Of those properties, their ability to form J-aggregates has received the most attention.
Jaggregates of a wide variety of dyes and aromatic compounds have been recognized and extensively investigated in different media [1] [2] [3] [4] [5] . This particular aggregation is revealed by an intense narrow absorption band that appears "red-shifted" with respect to the absorption of the monomer. It is believed that this band is a result of tightly packed dye molecules, with "head-to-tail" transition dipole arrangements, forming an excitonic state through electron coupling [6] .
Sato and coworkers have succeeded in producing J-aggregates of cyanine dyes without long alkyl chains by adsorbing dye molecules at the surface of phospholipid vesicles [7, 8] .
Their work however was limited to the presence of the acidic phospholipids in the membrane for the binding of the chromophore to the vesicle.
This paper reports the formation of J-aggregates of 1-ethyl-1'-octadecyl-2,2'-cyanine iodide (abbreviated as PIC-18), that has a long alkyl group attached to the chromophore, within the bilayer wall of 1,2-Dipalmitoyl-sn-glycero-3-Phosphocholine (abbreviated as DPPC) vesicles. Further, the aggregation number of the dye and the equilibrium constant are calculated.
Structural formulas of the phospholipids and the cyanine dye used in this work are presented in Figure 1 .
II. EXPERIMENTAL SECTION
Bilayer vesicles of DPPC containing cyanine dye, PIC-18, were prepared in aqueous solution by the standard preparation method [9] . According to the preparation procedure, 0.73 mg dye and 7.3 mg DPPC (1:3 mole ratio) were mixed together in 1.0 mL chloroform solvent in a 50 mL round bottom flask. After the solution is After the absorbance of the dye/DPPC vesicles was taken and recorded, 25 µL of pure DPPC vesicles, which had been previously prepared by the same procedure above, were added to the cuvette and the solution mixture is mixed quickly by manually shaking the cuvette. Immediately after the mixing, the cuvette was placed in the chamber of the spectrophotometer and the absorbance of the dye was monitored and recorded several times over a period of 1.0 hour. A final measurement was recorded after 24 hours.
III. RESULTS AND DISCUSSION
Lipid bilayers form in aqueous solution due to the amphiphilic nature of the phospholipid molecules. Under the right conditions these bilayers form spherical vesicles that separate an interior aqueous environment from the rest of the aqueous solution. In these vesicles, the hydrophobic alkyl chains of the DPPC molecules are pointed toward the inside of the vesicle wall while the hydrophilic heads are facing the aqueous medium on the inside and outside of the vesicle. PIC-18 dye molecules are embedded within the wall of the vesicles by the hydrophobic interaction between the alkyl chains on the dye molecules and the DPPC molecules. A schematic representation of the dye molecules embedded within the bilayer wall of the DPPC vesicles is presented in Figure 2 .
The absorbance of the dye in phospholipid vesicles is shown in Figure 3 . The spectrum shows the absorbance of the J-aggregate at 578 nm, it also shows some monomer as the shoulder on the left side in the spectrum indicates. The hydrophobicity of the dye, due to the existence of the octadecyl group, makes it very insoluble in water. Therefore, dye molecules can only be dragged into aqueous solution by a carrier that matches their structure. In this case, DPPC is utilized to provide a hydrophobic environment for the cyanine dye to dissolve in aqueous solutions. As a result, J-aggregate in the bilayer vesicles are formed as Figure 3 indicates. J-aggregate of PIC-18 was also detected in more dilute mixtures of dye/DPPC. We have examined solutions of mixing ratios of 1:10, 2:10, and 3:10. In each of these solutions a significant amount of J-aggregate of the dye is formed during sonication. In the 1:10 mixture, J-aggregate continued forming when the solution was kept sitting for several days. Absorption spectrum of the 1:10 mole ratio as it was freshly prepared and after 10 days of preparation is presented in Figure 4 . Freshly prepared vesicles show a significant amount of monomeric molecules of the dye that are embedded within the wall of the vesicles as the absorption at 523 nm in Figure 4 indicates. These monomers are gradually converted to J-aggregate over several days. The growth in the "J-band" in Figure 4 on the expense of the monomer band illustrates the conversion process over a period of 10 days. However, that was not the case for the 1:3 ratio.
The prepared mixed vesicles are stable in aqueous solution and the amount of J-aggregate in the bilayer wall does not change after the equilibrium, aggregate monomer, is established. Typically in the case of 1:3 mole ratio, this equilibrium is reached during the sonication process. When an aqueous solution of PIC-18/DPPC vesicles is treated with excess of DPPC aqueous solution, the dye molecules underwent a rapid (aggregate) n n(monomer) equilibrium. The appearance of only one isosbestic point in the absorption spectra of Figure 5 indicates the equilibrium between the J-aggregate and the monomer. Figure 5 illustrates the change in the absorbance of the dye after the addition of 25 µL of pure DPPC vesicles to the mixed PIC-18/DPPC vesicles originally under equilibrium. According to Figure 5 , the intensity of the monomer band at 523 nm is increased at the expense of the J-aggregate band, which decreased. This change in the absorbance is followed upon for a period of 24 hours. We have noticed that the change is significant and noticeable during the first 2 hours. After this period of time a new equilibrium will have been reached at which no further change in the absorbance is noticeable. The above equilibrium is explained according to equation (1) (2) where K is the equilibrium constant. Equation (2) demonstrates the relationship between the aggregate and monomer in vesicles using the aggregation number, n.
According to Benesi-Hildebrand kinetics, the above equilibrium can be described by the change in the absorbance of the J-aggregate, Equation (3), where A agg and Aº agg -A agg correspond to the molar concentrations of the aggregate and monomer respectively. Where as Aº agg , is the initial absorbance of the J-aggregate before the addition of DPPC while A agg , is the absorbance of J-aggregate at equilibrium.
In(A agg ) = n In(Aº agg -A agg ) + C
The plot of In(A agg ) versus In(Aº agg -A agg ) using absorbance data from three different experiments yields a straight line with a slope of 4, representing the aggregation number n of PIC-18 in DPPC vesicles ( Figure 6 ). K eq = 6.7x10 -2 is also calculated from the intersection of the straight line in Figure 6 with the y-axis. The prominent spectroscopic features of J-aggregate introduce the possibility of their use in study of biochemical activities of the cell.
